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Epiphyllic shading on host plant leaves: photoacclimation to liverwort and lichen cover
Claire Addis
Department of Biology, Luther College

ABSTRACT
Epiphylls are ubiquitous throughout the Tropics and may significantly shade their host leaves. Anthony et al. (2002)
document increased levels of chlorophylls a and b in leaves with significant lichen coverage on two tropical
understory plants in Australia, suggesting host leaves may respond to epiphyll shading by increasing photosynthetic
pigments. Reaction of plants to the second major group of tropical epiphylls, liverworts, has not been studied. The
purpose of this study was to see if a neotropical palm, Calyptrogyne gneisbregntiana, compensates for epiphyll
cover by both lichens and liverworts. In addition to chlorophylls a and b, I investigate whether carotenoid levels
also increase due to increased epiphyllic shading. The pigments of 80 understory leaf samples with either full lichen
or full liverwort cover were extracted in acetone and analyzed using a spectrophotometer. It was found that only
shading by lichens resulted in significantly higher chlorophylls a, b and carotenoids (mean = 142.95 ± 0.0350 ug/g,
62.4 ± 0.0178, and 77.5 ± 0.0188, respectively, P< 0.05) and per area for chlorophyll a and carotenoids (mean = 2.6
± 0.0006 ug/cm2 and 1.45 ± 0.0003, respectively, P< 0.05). Ratios of chlorophyll a: b and total chlorophyll:
carotenoids were not different between leaflets with 0% and 100% epiphyllic lichen or liverwort cover. These data
show that C. gneisbregntiana compensate for lichen cover but not liverwort cover, and suggest that plants with
epiphyllic lichens photo-acclimate to shading by increasing the concentration of light-harvesting pigments. The lack
of significant increases in pigments seen in plants with liverwort cover may be due to habitat differences, where the
plants may already be compensating to their full extent in response to environmental factors.

RESUMEN
Epífilos se ubican a través de los trópicos y pueden significar sombra para sus hospederos. Anthony et al. (2002)
documentan un aumento en los niveles de clorofila a y b en hojas con una cobertura significante en dos plantas
tropicales en el sotobosque de Australia, sugiriendo que los hospederos pueden responder a la sombra provocada por
los epífilos incrementando los pigmentos fotosintéticos. La reacción de las plantas a el segundo mayor grupo de los
epífilos tropicales las hepáticas, no ha sido estudiado. El propósito de esté estudio fue observar si la palma
neotropical Calypterogyne gneisbregntiana, presenta alguna compensación por la cobertura tanto de líquenes como
de hepáticas. En adición a la clorofila a y b, yo investigué si el nivel de carotenoides aumenta también debido a la
sombra provocada por los epífilos. Los pigmentos de 80 hojas del sotobosque con cobertura total tanto de líquenes
como de hepáticas fueron extraídos con acetona y analizados utilizando un espectrofotómetro. Se encontró que
solamente la sombra provocada por los líquenes resulta en un aumento en los niveles de clorofila a, b y carotenoides
(X = 142.95 ± 0.0350 ug/g, 62.4 ± 0.0178, y 77.5 ± 0.0188, respectivamente, P< 0.05) y por área para clorofila a y
carotenoides (X = 2.6 ± 0.0006 ug/cm2 y 1.45 ± 0.0003, respectivamente, P< 0.05). Las proporciones de clorofila
a:b y clorofila total:carotenoides no mostraron diferencias entre las hojas con 0% y 100% de cobertura por líquenes
o hepáticas. Estos datos sugieren que C. gneisbregntiana compensa para líquenes pero no para hepáticas, y sugiere
que plantas con cubiertas con líquenes se foto-aclimatan a la sombra incrementando la concentración de pigmentos.
La falta de un aumento significativo en las plantas cubiertas por hepáticas puede deberse a la diferencia de hábitat,
en donde las plantas pueden compensar en plena medida en respuesta a factores ambientales.

INTRODUCTION
Epiphylls are small photosynthetic epiphytes that typically colonize the upper surface of leaves
(Richards 1954, in Coley et al. 1993, Bentley 1987, Santessen 1988, in Anthony et al. 2002).
They thrive in areas of high rainfall and evaporation (Richards 1964, in Bentley 1987) and are
thus quite common in tropical ecosystems. Epiphylls reach their highest diversity and abundance
in the Tropics, though most epiphyllic communities are dominated by liverworts from the family
Lejeuneaceae and lichens. Mosses, algae and cyanobacteria also occur as epiphylls, though with
lower frequency (Bentley 1987).
The cover of lichens and liverworts on leaves in wet tropical forests can be substantial, in
some cases completely covering the leaf (Richards 1994, in Anthony et al. 2002). It has been
documented that significant liverwort cover of the leaf reduces the amount of light reaching the
leaf by 55-85% (Coley et al. 1993). Such shading on the photosynthetic surface of the leaf may
reduce the photosynthetic output of the underlying leaf. With only 0.5-5% of light reaching the
understory (Chazdon and Fletcher 1984), Coley et al. (1993) calculated a possible 20% reduction
of photosynthesis.
While several studies suggest that shading by epiphylls can reduce photosynthesis (SandJensen 1977, in Coley et al. 1993, Roskoski 1981), a more recent study has found that leaves of
two understory plants photo-acclimate to shading by epiphyllic lichens (Anthony et al. 2002).
Leaves colonized by lichens actually had a greater concentration of chlorophylls than did
uncolonized leaves, though the rate of photosynthesis was saturated at lower irradiances. This
indicates that colonized leaves reached their photosynthetic capacity at lower light levels due to
increased shading, which indicates the increase in chlorophylls may be adaptive. Colonized
leaves showed a 10-20% higher concentration of chlorophylls than uncolonized leaves, a
difference similar to that of shade tolerant plants compared to canopy leaves.
Chlorophylls primarily harvest light energy to be used in photosynthesis (Hopkins 1995).
Chlorophyll a is the most abundant pigment and is responsible for the transformation of light
energy into useable chemical energy. Chlorophyll b is less abundant than chlorophyll a, but
absorbs light at a different wavelength (approx. 646 nm as opposed to chlorophyll a, which
absorbs best at approx. 663 nm) and thus helps to amplify the amount of light absorption
(Hopkins 1995). The ratio of chlorophyll a:b is thus an indicator of the range of light absorbed
by the plant. Shade environments, are typically characterized by a higher concentration of
chlorophyll b due to an increased size of the light-harvesting complex. This helps to maximize
light absorption in an environment where light is less abundant (Smith et al. 1990). Thus the
ratio of chlorophylls a:b is likely to decrease moving from sun to shade environments, shown by
Wallentine (2006). Carotenoids are a less common photosynthetic pigment that absorb light at
470 nm. The light energy absorbed by carotenoids is rapidly transferred to the chlorophylls, so
carotenoids are termed accessory pigments. Carotenoids also aid in photo-inhibition. In high
light environments, the large amount of energy absorbed by chlorophyll can damage the cell if
the energy is not stored or transferred through photochemistry. Carotenoids are able to accept
excess light energy as well, thus exerting a photo-inhibitive action (Taiz and Zeiger 1991).
Accordingly, the ratio of total chlorophylls to carotenoids is an indicator of plant response to
high light intensities. In shade environments where light is less abundant, it is unlikely that
carotenoids are needed for their photo-inhibition properties and may instead be used primarily

for light absorption (Wallentine 2006). For this reason, the ratio of total chlorophylls to
carotenoids is expected to be higher in high light environments and decrease in shade
environments, as carotenoids become more essential to aid in light capture.
The goals of this study were threefold: first, to see if Calypterogyne gniesbregntiana, a
neotropical understory palm with lichen epiphylls will increase its chlorophyll content, indicating
photo-acclimation or compensation by the plant. Second, to investigate if liverworts instigate the
same photo-acclimation response in plants as lichens have been shown to demonstrate (Anthony
et al. 2002). Finally, to test the levels of carotenoids between leaves with significant epiphyll
coverage (liverwort and lichen) to see if carotenoid concentration is affected in the same manner
as chlorophylls a and b. It is predicted that epiphyllic coverage by both lichens and liverworts
will result in increased levels of all three pigments, based on the idea that more shaded leaves
will need to maximize light capture. In addition, it is predicted that lichens and liverworts will
have similar effects on their host plant leaves because both have been shown to substantially
cover the surface of leaves. Both have also been documented to significantly reduce the amount
of light that reaches the leaf (Coley et al.1993, Anthony et al. 2002), which will likely induce
similar responses from host plants.

METHODS
Study sites and organism
Calyptrogyne gniesbregntiana (Arecaceae) is a common understory palm in the lower montane
wet and rain forests at Monteverde, Costa Rica and is host to a wide variety of epiphyllous
lichens and liverworts (Daniels 1998). This study was conducted in the forest behind the
Estación Biologica at Monteverde. Leaflet samples were collected from two separate
populations of C. gniesbregntiana, one along the continental divide at approximately 1800 m
whose epiphyll population was dominated by liverworts and the other in the forest near the
Estación at approximately 1500 m dominated by lichens.
Leaf sample collection
Leaflet samples with lichens were taken from the lower elevation site and leaflet samples with
liverwort colonies were taken from the continental divide. Forty leaflet samples were taken from
each site; 20 samples with no epiphylls and 20 samples with 100% epiphyll cover. For a leaflet
to qualify as having a100% epiphyll coverage there had to be at least some epiphyll cover on
every square cm of the leaflet surface. Samples were taken from plants with similar canopy
cover, approximately 75% shaded, which is the most common condition in the forest studied.
Leaflets were consistently taken from the middle range of fronds, usually the frond 2nd or 3rd
from the top, uppermost frond. This ensured that samples were of similar ages, since the
youngest leaflets are on the uppermost frond, while the oldest leaflets are found on the
lowermost fronds. Leaflets were taken back to the lab at the Estación Biologica for immediate
chlorophyll analysis, thus it was not necessary to store the leaflet samples.

Pigment analysis
The chlorophyll content of the leaflet samples was measured using the following procedure from
Wallentine (2006), with slight modification. Leaflets from each individual plant were measured
and cut to an area 25 cm2 using a cardboard stencil and a single edged razor blade. The square
section of leaf was then gently scraped using a metal spatula and brushed clean with a stiffbristled paintbrush to remove all epiphylls from the surface of the leaf. This process did not
remove the epidermis of the leaf or damage it in any way. The 25 cm2 of leaf was then cut into
very fine leaf fragments first by slicing the leaf lengthwise into thin strips, then by cutting the
strips widthwise into small bits. The mass of the 25 cm2, now in fine leaf fragments, was
recorded in grams using a Fischer Scientific T top loading balance. Photosynthetic pigments
were extracted from the leaf fragments by adding the fragments to 7 ml of 85% acetone solution
in a test tube. The photosynthetic pigments were allowed to precipitate in acetone for 15
minutes. During this 15 minute period, the solutions were gently swirled for 30 seconds every 5
minutes in order to facilitate the mixing of the leaf fragments with the acetone. The mixture was
centrifuged at 4000 rpm with a Premiere XC-1000 centrifuge to separate the leaf cells and
fragments from the acetone-pigment solution. The purified acetone-pigment solution was then
decanted into a graduated cylinder and the volume was measured in milliliters. Two ml of the
acetone-pigment solution were added to 8 ml of 85% acetone in a cuvet. Absorption readings
were taken of the diluted acetone-pigment solution at wavelengths of 663, 646, and 470 nm
using a Sequoia-Turner Model 340 spectrophotometer. The concentrations of pigments per mass
and per area were determined using the following empirically derived equations (Lichtenthaler
and Welbur 1983, in Wallentine 2006):
Chlorophyll a (mg/g) = [12.21 (Abs663) – 2.81 (Abs646)] x [Purified Volume (ml)]
[200] x [Mass of Leaf Used (g)]
Chlorophyll a (mg/cm²) = [12.21 (Abs663) – 2.81 (Abs646)] x [Purified Volume (ml)]
[200] x [Area of Leaf Used (cm²)]
Chlorophyll b (mg/g) = [20.13 (Abs646) – 5.03 (Abs663)] x [Purified Volume (ml)]
[200] x [Mass of Leaf Used (g)]
Chlorophyll b (mg/cm²) = [20.13 (Abs646) – 5.03 (Abs663)] x [Purified Volume (ml)]
[200] x [Area of Leaf Used (cm²)]
Carotenoids (mg/g) = {1000 (Abs470) – 3.27[chl a] – 104 [chl b]} x {Purified Volume (ml)}
{45400} x {Mass of Leaf Used (g)}
Carotenoids (mg/cm²) = {1000 (Abs470) – 3.27[chl a] – 104 [chl b]} x {Purified Volume (ml)}
{45400} x {Area of Leaf Used (cm²)}

Pigment concentrations were then converted from mg/g and mg/cm2 to µg/g and µg/cm2 for the
purpose of comparison to literature values. The difference in pigment concentration between
leaves with and without epiphyll coverage was tested using a two-tailed t-test for the following:
chlorophyll a (per mass and area), chlorophyll b (per mass and area), carotenoids (per mass and
area), total chlorophyll concentration (chlorophyll a + chlorophyll b) (per mass and area), the
ratio of chlorophyll a to chlorophyll b (per mass and area), and the ratio of total chlorophyll to
carotenoids (per mass and area).

RESULTS
In total, 80 leaftlet samples were collected: 40 from the continental divide population of C.
ghiesbregntiana (liverworts) and 40 from the lower population (lichens). Mean chlorophyll a
(per mass and area) and b (per mass)content , and thus total mean chlorophyll content, as well as
mean carotenoid content were higher in leaflets with 100% lichen coverage than with no
coverage at all (t-test, Table 1, Fig 1, Fig 2). The concentration of chlorophyll b per area was not
different between leaves with and without lichen cover, but it is worth noting that the p-value
was 0.06, which is very close to significant. The trend follows a similar direction, if not quite
significant. No difference was observed in mean pigment content for leaflets with and without
liverwort coverage. However, trends are consistent for each pigment (chlorophylls a,b and
carotenoids) and show slight increases from leaflets with no cover and those with 100%
liverwort cover. Though not significant, these trends point in a direction that leaves are slightly
increasing the concentration of photosynthetic pigments when shaded by epiphylls. For leaflets
with and without lichen or liverwort coverage, there was no difference in the ratio of mean
chlorophyll a to mean chlorophyll b or the ratio of mean total chlorophyll to mean carotenoid
content (Table 1).
For all pigments in leaves with 0% epiphyll cover, those from the upper population where
the liverworts dominate had higher concentrations than those collected at the lower population,
where lichens dominate (Table 1). However, in leaves with 100% lichen and liverwort cover,
concentration values were nearly identical for chlorophyll a and were lower for both chlorophyll
b and carotenoids for leaves with 100% liverwort cover (Table 1). Nevertheless, chlorophyll a
was much higher in concentration for plants with or without epiphyll coverage than either
chlorophyll b or carotenoids (Table 1).
Leaflet samples taken from the lower population where lichens were the dominant
epiphyll were greater in mass than those collected from the continental divide where liverworts
were the dominant epiphyll (mean = 0.450 ± 0.0553, 0.405 ± 0.0552, respectively; t = -3.692 , P
< 0.05). For this reason, pigment content was also calculated per area in addition to per mass. In
all cases, except for chlorophyll b, significant differences detected per mass were also detected
per area (Table 1).

Table 1. Photosynthetic pigment content (a, b and carotenoids) as well as the ratios of chlorophyll a:b,
and total chlorophyll: carotenoids. Values in the first two columns are expressed as means ± SD for
leaves with 0% epiphyll cover and 100% epiphyll cover. The last two columns show the t- value and
corresponding P-value. No difference was observed in pigment content for leaves with and without
liverwort colonization. Pigment content was significantly different for leaves with and without lichen
colonization, except chlorophyll b (µg/cm2). Comparisons between the ratios of chlorophyll a:b and total
chlorophyll:carotenoids showed no significant difference.

Liverwort
Chlorophyll a (µg/g)
Chlorophyll a (µg/cm2)
Chlorophyll b (µg/g)
Chlorophyll b (µg/cm2)
Carotenoid (µg/g)
Carotenoid (µg/cm2)
Total Chlorophyll (µg/g)
Total Chlorophyll (µg/cm2)
Chlorophyll a:b (µg/g)
Chlorophyll a:b (µg/cm2)
Total Chlor:Car (µg/g)
Total Chlor:Car (µg/cm2)
Lichen
Chlorophyll a (µg/g)
Chlorophyll a (µg/cm2)
Chlorophyll b (µg/g)
Chlorophyll b (µg/cm2)
Carotenoid (µg/g)
Carotenoid (µg/cm2)
Total Chlorophyll (µg/g)
Total Chlorophyll (µg/cm2)
Chlorophyll a:b (µg/g)
Chlorophyll a:b (µg/cm2)
Total Chlor:Car (µg/g)
Total Chlor:Car (µg/cm2)

0% Cover

100% Cover

T

P

138.100 ± 0.0440
2.250 ± 0.0010
53.106 ± 0.0160
1.000 ± 0.0000
65.900 ±0.0160
1.100 ± 0.0000
191.100 ± 0.0590
3.050 ± 0.0009
2.589 ± 0.2170
2.5897 ± 0.2172
2.870 ± 0.2785
2.785 ±0.3103

145.500 ± 0.0586
2.300 ± 0.0011
55.900 ± 0.021
0.950 ± 0.0003
68.350 ± 0.0207
1.200 ± 0.0004
201.500 ± 0.0786
3.300 ±0.0015
2.608 ± 0.2785
2.6085 ±0.2785
2.892 ± 0.4130
2.8078 ±0.3938

-0.451
-0.158
-0.475
-0.370
-0.416
-0.872
-0.472
-0.604
-0.238
-0.238
-0.184
-0.196

0.6545
0.8751
0.6373
0.7136
0.6796
0.3888
0.6396
0.5496
0.8142
0.8132
0.8548
0.845

110.0 ± 0.0300
1.9 ± 0.0010
42.2 ± 0.0236
0.850 ± 0.000
61.1 ± 0.0180
1.1 ± 0.0000
152.2 ± 0.0380
2.650 ± 0.0006
1.944 ± 1.8360
1.944 ±1.8357
2.560 ± 0.546
2.505 ± 0.5623

142.95 ± 0.0350
2.6 ± 0.0006
62.4 ± 0.0178
1.1 ± 0.0003
77.5 ± 0.0188
1.45 ± 0.0003
205.4 ± 0.0526
3.750 ± 0.0009
2.313 ± 0.1658
2.313 ±0.1658
2.660 ± 0.2677
2.592 ± 0.2545

-3.173
-3.164
-3.069
-1.934
-2.834
-2.626
-3.651
-4.181
-0.895
-0.895
-0.735
-0.630

0.003
0.0031
0.004
0.0606
0.0073
0.0124
0.0008
0.0002
0.3765
0.3765
0.4669
0.5323

*

*

Figure 1. Total chlorophyll (chlorophyll a + chlorophyll b) content (µg/g) found in leaves with 0-100%
liverwort (blue) and lichen (pink) coverage. The bars represent mean values ± SD. Only the difference
between leaves with and without lichen coverage was significant (Table 1). * Indicates significant
difference detected.

*

*

Figure 2. Carotenoid content (µg/g) found in leaves with 0-100% liverwort (blue) and lichen (pink)
coverage. The bars represent mean values ± SD. Only the difference between leaves with and without
lichen coverage was significant (Table 1). * Indicates significant difference detected.

DISCUSSION
The goals of this study were to investigate possible changes in photosynthetic pigment
concentration in leaves with 0% epiphyll coverage and 100% epiphyll coverage. Two types of
epiphylls were used in this study: liverworts and lichens. Because lichens shade leaves and
photosynthesis is thus saturated at lower light irradiances (Anthony et al. 2002), plants may

compensate for this shading by increasing the content of the light harvesting pigments, like
chlorophylls a, b and carotenoids (Anthony et al. 2002). Here, I find that leaflets with 100%
lichen coverage had increased levels of chlorophylls a and b and carotenoids (Table 1, Fig. 1, Fig
2). The increased level of carotenoids found in lichen-covered leaves suggests that carotenoids
are used for light absorption , rather than photo-inhibition. It is quite probable that light levels
were low enough in the understory that the plants simply had no need for photo-inhibition.
Liverworts, on the other, hand did not did not have the same effect on their host leaves.
No difference in chlorophyll concentration or carotenoidswas observed between colonized and
uncolonized leaves (Table 1, Fig. 1, Fig.2), though trends showing increases in pigments in
leaves with liverwort cover suggest slight compensation by the leaf. Although it seemed likely
that liverworts would generate significant shading and produce similar results to those found
with lichens, there may exist possible explanations. The leafy, 3-dimensional morphology of
most liverworts is very different than that of lichens, which are mostly flat and strongly adhered
to the surface of the leaf. The more open structure of liverworts may have resulted in less
shading, thereby not inducing a photo-acclimation response in the plant and thus not resulting in
a significant change in photosynthetic pigment content. An alternative hypothesis is that perhaps
there was no observable compensation between leaves with 0% and100% liverwort coverage
because climatic variables were such that the plants were already compensating for lower light
conditions. The elevated levels of chlorophylls a, b and caratenoids in plants with 0% cover
support this conclusion. The samples with liverwort coverage came from the upper population
where there may have been increased cloud cover or some other light-limiting characteristic,
resulting in increased levels of photosynthetic pigments, regardless of epiphyll cover.
Additionally, leaves from the lower population dominated by lichens were significantly greater
in mass than those from the upper population dominated byliverworts. This may explain why
differences in pigment concentrations were seen with increased lichen cover. A thicker leaf may
contain more pigments, possibly resulting in a greater observed difference in pigment
concentration between colonized and uncolonized leaves than would be seen in the thinner
leaves from the higher population.
No difference was seen in either of the ratios tested between colonized and uncolonized
leaflets by either lichens or liverworts (Table 1, Fig.2). The ratio of chlorophyll a:b is a good
indicator of the range of light absorbed by the plant. Since there was no change between leaflets
with 0% and 100% coverage, it can be assumed that there was no difference in the ranges of light
absorbed between the two leaflets with different coverage. A reduced chlorophyll a:b ratio is
also indicative of shade acclimation. In shaded environments, the concentration of chlorophyll b
tends to be higher due to the higher proportion of light harvesting complex II (where chlorophyll
b is found) which helps to intercept more light and increase the activity of photosystem II
(Hopkins 1995, Thomas 1997). Since this reduction was not observed, it can be concluded the
amount of shading produced by either the lichens or the liverworts was not enough to invoke
such a change in the concentration of chlorophyll b in relation to chlorophyll a as would
normally be observed between full sun and shade environments.
Typically, chlorophyll a:b ratios are greater than one (x = 1.63 ± 0.57 in Wallentine
2006) for sun plants because canopy plants use mainly chlorophyll a for photosynthesis and do
not rely as heavily on other pigments (Wallentine 2006). Subcanopy plants often have an a:b
ratio closer to one because plants use roughly equal amounts of both pigments in order to
maximze the range of light absorption. These data show chlorophyll a:b ratios higher than one

for leaves with and without epiphyll cover (Table 1), as do reported values in Anthony et al.
(2002) for understory plants. It is possible that these described differences were not observed
because the amount of shading produced by either the lichens or the liverworts was not enough
to invoke such a change in the concentration of chlorophyll b in relation to chlorophyll a as
would typically be observed between full sun and shade environments. The plants used in this
study were found in the understory and therefore already living with low light levels. There may
not have been much possibility for futher compensation, particularily in the upper population of
C. gniesbregntiana where uncolonized leaves showed elevated pigment levels. In addition, the
ratio may not have changed because both chlorophylls a and b increased with increased cover
(though the difference was only significant with lichen cover), and chlorophyll a was
consistently more abundant, while chlorophyll b was only a small component of the total
chlorophyll content.
The ratio of total chlorophyll: carotenoids is an indicator of the plants’ response to light
intensity. In high light environments, a reduced chlorophyll to carotenoid ratio is common and
indicates the degradation of chlorophyll a and/or the synthesis of carotenoids, which are needed
for their photo-inhibitive properties (Taiz & Zeiger 1991, Maxwell 1994, Hopkins 1995). It is
reasonable to assume that in shaded environments this ratio would be increased, due to the lack
of a need for photo-inhibition, thus leading to reduced levels of caroteniods. However, this study
found no difference between leaves with 0% and 100% epiphyll coverage, which does not
support this assumption (Table 1, Fig. 2). Once again, this may have been because the difference
in light intensity produced soley by the epiphylls was not great enough to show any difference in
the ratio of chlorophyll :carotenoids. Also, because all plants involved in this study were
understory plants and therefore already shaded, additional shade provided by epiphyllys is not
likley to show a difference like would be found in full sun vs. understory environments. Another
more probable explaination is that in this somewhat shaded environment, carotenoids were
needed to aid in light absorption rather than photo-inhibition, thus accounting for the lack of
relationship between total chlorophyll and carotenoids that can be explained by photoinhibition.
The total chlorophyll is increasing as is the carotenoid content, thus the ratio stays relatively
constant between uncolonized and colonized leaves.
In conclusion, only plants with significant lichen cover compensated for shading by
increasing the concentration of light-harvesting pigments in their leaves. This provides evidence
for a photo-acclimation response in plants to aid in adaptation to increased shading. What
remains unstudied, however, is how much shading produced by epiphylls a plant will tolerate
before it begins to invest in increased levels of photosynthetic pigments. Further studies
examining the concentration of pigments along a gradient of epiphyll coverage, rather than just
0% and 100% cover, may help answer this question. In addition, it may be beneficial to
investigate the effect of epiphyllic shading by liverworts and lichens across environments with
varying light levels to see if trends found by this study and others hold true for different
environmental conditions.
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